[Abstract] Cytidine deaminases are enzymes that catalyze the removal of an amino group from cytidine, forming uridine. APOBEC3 (ApolipoproteinB mRNA editing enzyme, catalytic polypeptide like) proteins are cytidine deaminases that deaminate cytidines in polynucleotides (RNA/DNA), resulting in editing of their target substrates. Mammalian APOBEC3 proteins are an important element in cellular defenses against retrovirus replication, and this "restriction" of retroviral infections is partially due to the cytidine deaminase activity of the APOBEC3.The present protocol (Nair et al., 2014) describes the assay to detect the deaminase activity of mouse APOBEC3 protein, which targets cytidines present in TCC or TTC motifs in a single-stranded DNA substrate. In brief, the protein preparation to be assayed is incubated with a fluorophorelabeled oligodeoxynucleotide containing the deamination target motif (radiolabeled oligonucleotide substrates have also been successfully used by other groups). Cytidines in the oligonucleotide are deaminated to uridines; the addition of Uracil DNA Glycosylase (UDG) catalyzes the hydrolysis of the N-glycosylic bond between uracil and sugar, generating an abasic (AB) site in the oligonucleotide. Mild alkali treatment cleaves the substrate oligonucleotide at the AB site; cleaved products are resolved from uncleaved substrate by denaturing polyacrylamide gel electrophoresis and visualized on a fluorescence scanner.
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The protocol described here is mainly adapted from that described by Iwatani et al. (2006) with modifications. The assay can, of course, be used to detect the activity of other APOBEC3 deaminases targeting DNA substrates, using oligonucleotides containing the cytidine-containing target sequence for the deaminase. ATA ATA ATA ATA-3', PAGE purified, 250 nmol synthesis scale (see Recipes) (while a 48-base oligodeoxynucleotide is described here, both longer and shorter oligodeoxynucleotides could undoubtedly be used). Copyright 5. Load 15 µl of each sample onto a 15% TBE-UREA PAGE gel and resolve the cleaved and uncleaved products by electrophoresis at 150 volts for 3 h at room temperature (25 °C) in 1x TBE buffer (before loading the samples, flush the wells with running buffer using a syringe fitted with a needle. This removes residual urea or acrylamide from the wells and minimizes the probability of samples smearing on the gel).
6. In order to visualize the uncleaved substrate and cleaved product(s), remove the gel carefully from the cast, slice away the sealing gel end at the bottom, and place the gel The first (left panel) was composed entirely of A and T residues, except for residues 25-27, which were TTC, and which was labeled with AlexaFluor 488 at its 5' end. The oligonucleotide was incubated with no protein (first lane) and with mouse APOBEC3 produced in Sf9 cells (second and third lanes). The second lane shows the results of this incubation, followed by the full assay protocol described here, while the third lane shows the results when UDG was omitted from the assay. The right panel shows a similar assay, but the oligonucleotide contained, in addition to A and T residues, TCCC at residues 21-24 and TTCC at residues 28-31. rather than fluorescence imaging. Some researchers may find this more convenient or economical than the use of fluorescence. However, the principles and most of the procedures used in the two methods are identical.
2. As a positive control on the assay, one can design an oligonucleotide identical to the substrate (Materials and Reagents) except that it contains uracil rather than cytosine (5' -/5Alex488N/ ATA ATA ATA ATA ATA ATA ATA ATA TUU ATA ATA ATA ATA ATA ATA ATA 3'). This should be completely cleaved in the UDG-alkali treatments; if it is not, this is an indication that the treatments are not successful in inducing cleavage at all deoxyuridines in the oligodeoxynucleotides.
3. The protocol here ("Procedure", text of step 1) calls for the addition of 1 µl of the protein preparation to be assayed for deaminase activity. Our preparations (Nair et al., 2014) were partially purified from Sf9 insect cells and typically contained 0. 
